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THE DESIGN OF AIRPLANE-ENGINE SUPERCHARGERS*

By Werner von der Nﬁll

Sultable superchargers for airplane engines are a
requlslte for successful high-altitude flying. The underw
lying principles for the computation and design of alr-
plane~ongine superchargers must be given further study.
The results obtainecd through tests on the various forms of
rotor vanes and counten. vanes and on the deslgn of the
caging should prove useéeful for improvement of design.
Well~known computation methods have shown themeelves, wlth
slight modifications, to be sultable. The use of single-
stege contrlifugal suporchargors for supercharging to one
atmosphere at 8 to 9 *ilometers (25,000 to 29,000 feet)
altltude annears, with sultable regulation, entirely pos-
sible without supercharger ailr cooling.

I, UNDERLYING POSSIBILITIES OF SUPERCHARGING

In its »resent form the airplane englne is unsulted
for self-charging at the higher altitudes since the ailr
pumping occurs too slowly, Modern high-~altitude englnes
are therefore provided with devices for charging the en-
g€lne at high eltitudes, namely, superchargers. Any arrange-
mont that lowers the specific volume of the combustion
alr before entrance to the ongine cylinder is essontlally
sultable as an ailrplane-engine supcrcharger. The most sult-
able arrangement will be that which comblnes the hlghest
efficlency with the minimum dulk and weight - that is, whlch
pumps 1ln the required alr at the fastest rate. Installa-,
tions of this type that meet the condlitlons required are the
comprossors and the "dynamiec pressure superchargersi" l.e.,
those utlligzing the forward velocity of the alrplane.

From the voint of view of economy in the utilization
of energy, three types of superchargers are distingulshed:
1) those whose driving power i1s derived from the gross out-

*IDio Gestaltung von Flugmotorenladern."® Luftfahrtforschung,
vol., 14, nos. 4/5, April 20, 1937, pp. 244-253,
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put of the engine; 2) those which utilize a source of en-
ergy that would otherwise be lost (for example, the ex-
haust heat of the engine) and thus impose no addltional
load on the engine; and 3) those that ere separately

driven.

High efficlencles of the supercharger installations
should always be almed for. They are of decided impor-
tance for such power units as give high propulsive outouts
at high altitudes and so, for example, at 8 kilometers al-
titude (25,000 feet) still require an inlet manifold »res-
sure of 1 atmnosphere. ZFigure 1 shows the outputs available
for an unboosted engine at various supercharger efficien-—
cles at altlitudos up to 12 kilomoters (39,000 feet), the
sen~lovel outout belng takon as 100 percent. The increase
in englne output through the decrease in the exhaust back
pPressure has not been taken into account since it depends
partly on the valve timing and 1s of no silgnificance for
comparison. The output relations of the engine betwoen
gero altitude and the corresponding critical altitude (al-
titude at which 1 atmosphere pressurce can still be main-
teined) are not shown since they depond on the design of
the ongine, the admissible duration and degree of super-
charging, and the regulation of the supercharger, and these
factors are all very different. The supercharger effi-
clency may also be of great lmportance for the knock-free
operation of the engine. The supercharzer air temperatures
which, with varlous supercharger efficlencles, are set up
at the different critical altitudes, are also shown on the
figure to inditate the possibllitlies of safe engine oper-—
ation. If a temperature of 80° C. is consldered as the
highest admlssible supercharger temperature at which the
engire will s+tl1ll run without knocking, then the admissgi-
ble critical altitudos without supercharger alr cooling
will be glven by the curve of figure 2 as a function of the
adlabatic supercharger efficiency.

O0f the three different dosigns of superchargers, name-
ly, the plston, the Root's, and the centrifugel types ~ the
centrifugal type possesses today the greatest importanco,
since attempts to develop tho plston and Root'!s types with
satisfacliory operating characteristics have so far falled.
It even appears doubtful whether there exists any necessi-.
ty for creating other supercharging machines than the cen-
trifugal types. Two types of wheels are used with the cenw
trifugal superchargers, namely, the radial and the axial
wheels. The latter have, up to the present time, attained
no markxed succeass slnce the advantage of good effliciency is
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offset by the disadvantages of small pressure heads per
stage, difficulties in nanufacturiig and in safe operation
‘of thé very thin blades, the low critical speeds of the
nultl-stage arrengements, and the difficulty 1n mounting
when engine driven. In what follows therefore, only cen-
trifugal superchargers with radial wheels wlll be consid-~
ered. At adlabatic compression without losses the dellv-
ery or pressure heads, pressure ratloe, and temperaturesn
for these wheeols are shown on filgure 3.

II, CHARACTERISTICS AND PERFORMANCE OF VARIOUS

CENTRIFUGAL SUPERCHARGERS

The whesl with buckets or blades open at both eldes
(figs 42) 18 probadbly the oldest form of impeller. The
radial blade type with 90° exit angle has not been de-
parted from 1in supercharger design because of the necessl-
ty of hlgh peripheral velocities and pressure rise per
stage, although this form of blade compared to the back-
ward curved blades hag disadvantages in operating condi-
tions and efficiency.l An advantnge of the blade open at
both sldes is the elimination of axlal stresses on the
bearing. An improved wheel form has also been applied in
Gormany, whereby the blades recelve short radisl ribs on
their roar sides. In DVL tosts on a steel impeller of this
type, the perig@erul volocity could be ralshd for short-
time intervals</ to 605 meters per second (120,000 feset per
minute) without the setting up of a permanéht expansion.

The half-open impeller (fig. 4b) is the type applied
in by far the greatest number of new engine superchargers.
The construction materials are high quality alumlinum alloys.

1)on the question of the effect of an exit angle of 90° on
the 'efflclency, the reader 1s reforred to the paper "Un-
tersuchungen uber den Einflugs des endllichen Schaufelab-
standes in radialen Kreiselradern," by O. Hansen, Braun-
schwvelg 1936, who shows that in splte of the lnerease of
the delivery pressure with increasing exit angle, the effi~
"clency need fall off only ah insignificant amount.

2)Longer operation was impossible on ac’count of the too
high sllding velocities in the bearings.

.
}



f

4 KedeC.As Technical Memorandum No. 839

The wheels may be milled for peripheral velocities up to
250 meters per second (50,000 feet per minute), while for
greater velocltlies they may be stamped, using special dles,
The wheel disks are generally provided with cut-outs be-
tween the blades. The reason for this is generally given
a8 8 lowvering of axlal thrust and advantages in regard to
strength.,. No extensive invostigation on the alleged use--
fulness of these cut-outs, which in many cases neve beon
the starting points for fallures, is avallable. A DVL in-
poller shich showed up well in a tost beyond a veripherel
velocity of 400 meters per second (80,000 foet mer minutfe)
does not have the cut-outs since theoretical lnvestlgatlons
do not show &ny advantage in regerd to the streszs distri-
butlion.

Irpellers having side walls on both sides (fig. 4c)
have up to the present been applicd to alrnlane—engine su—
perchargers only in lgolated casecs. TWheels that are pro-
duced by riveting or welding offor particular difficulsles
in the metter of accurnte nredictlon of strosses and defor-
nations, raise greater difficultics ot hlgh poripheral ve-~
locities, and mostly have the disadvantage of rough flow:
pessagos. A speclial form of closed irpelier 1s that of
Junkers (fig. 5)¢ No test data are available on the ports
lying botwoen the individurl flow pascagos - that 1s, on
the outflow -~ which does not fill out the cntire circum-~
feronco end is thus assoclatcd with oxchaango losges (ref-
erence 1l). Tho DVL impeller shown on figure 6 sceks to re-
nove the mechanicel difficultles of the closed impeller
- for very high poriphernl speeds through a special construc-
tlion. The outflow can take nlace all along the entlire cir-
cumference. The axlal width of the flow passages may vary
in a2 arbitrary manner, 1In over 100 operating hours of the
test supercharger (fig. 6) at veripheral speeds up to 400
meters per second, no fallures or pernanent deformations
of tho cloged impeller occurred.

Conparison tests have brought out the advantage of
this deslgn os comparcd with tho half-open immeller. Fig-
ure 7 shows part of tuae results obtained. The half-open
wheel with its required cover clearnnce o = 1 mn (fig.
8a) has a 5-percent-less efficiercy then tie DVL wheel.
Attention 1s brought to a particular advantcge of the in-
neller closed at both sides, which advontage will some day
lead to the general npplication of this type of lmpeller.

As tho critical altitudes increase, resort to multl-
stazo ceatrlfugal superchargers becomes necessary. Thore
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wlll then be difficulties with several half-open impellers
on o rathex _long shaft in a slngle-hoirsing .and .at the vari-
ous amounts of heatling;, in keeping the clearance a (fig.
8a) .betwveon the ‘blade edge and the casing wall within fa-
vorable limits, a foctor which has an lmportant effect on
the efflclency. Thie clearance - a may have the greatest
effoct on the delivery head snd efficloncy (figs. 8b, 80).
This effect vanished only at a certain operating condition
which aos yet cannot be predicted by computationa (line

M-N, 'Pigﬂn 8b, BG).

Of groat slgnificancoe for the delivery pressure and
officioncy of an impeller 1s the ontrance form of the
bledos. Whocls with radial bPlades wlthout curving at the
Inlet glvo snmaller efficiencies and pressures than blades
having good entrance curvatures. Filgure 9 glves an ldea
of the order of magnltude of this effect as found from a
soerles of tosts. It may be assumecd, as known, that the
forms obtained by bendirg the entrance edges of the blades
are 1n most cases conditloned more by the properties of
the matorial than by the requirements from the polnt of
view of flow theory. Thils unfavorable condlitlon may be
renmedled by separating the cufved blades from the wheel
itself, using a special outside impeller (fig. 6). The
blades on this soparate impeller may be produced by curving
or niliing by the spoclal Kopler process or the lmpeller
may be built up out of individual blades as in the case of
steam-turbine blades. By exchanging the outside impellers
the nmount of alr delivered by the supercharger nay within
certaln limits be sulted to the engine.

One method of maintelning straight radlial blade leoad-
ing odges 1s by imparting the necessary splral motlon to
the flow before entrance into the impeller. Without count-
lng the drop in the pressure head per stage lntroduced by
thig mothod, there are no test data avallable on the advan-
tageous design of inlet gulide or diffuser arrangements of
this type. Fully satisfactory operation 1s not attalned
wlth an 1lnlet sepiral.

In the majority of in-line engines an oxit spiral with

‘or without a guide-vane ring finds application while in the

cese of radlal engines the 'superchargers have only exit-
gulde vanes and a connocted vortex evace. From the results
of numerous tests 1t may be concluded that to obtain great
dellvery pressures and efficiencies, guide vanes and & spl-
ral should be provided. Flat characteristics, particularly
in the case of too narrow spirals, may sometimes by attalned
by dropping the gulde vanes (fig. 10).
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The forms of exlt gulde vanes, thelr construction,
and the dlmensioning of the spirals differ very greatly
and sometlmes so unsultadbly that low efficliencles are not
to be wondered at. The superchargers lnvestigated by the
DVYL of forelgn alrplane englnes had efficlencies of 0.26
to 04556 for delivery heads between 600 and 3,700 meters
(1 neter air column = 1,2-1,25 mm Hg). From the test re-
sults it was seen that the energy conversion in the gulde
vanes wes only slight and that the inlet housing was too
narrow and provlided wilth too sharp deflectlons.

III. REQUIREMENTS AND TRENDS OF SUPERCHARGER DEVELOPMENT

An urgent problem requlring solution 1s that of in-
creasing the dellvery pressure attained with a single im-
peller stage. TFor the solution of this problem two woys
lie open: flrst, incresnsing the dellivery pressurse of a
wheel with gliven peripheral speed, and second, increasing
the attnlnable peripheral speed. For the case of flow
ontrance without rotation and a 90° blade exit angle, the
first voselbility may be Judged from the equation (see
reforonce 1):

1 u,2
g
Epd = 9ad Ethy, = My v 40 g
l+—-—-s-—
Z

vhere V 1is a coefficient empiricclly determined, =z the
numbor of blades, ond S = S r dx is the static moment of
the mepn streamline. The decrease in V. and the increase
in T depend largely on suitable inlet and exlt arrange-
ments 'which will be further considered below. An increcse
in the number of blados s (sec fig. lla) is only possi-
ble to a limited extent since a large number of blades run-
ning up to the hudb strongly decreases the inlet cross sec—
tion nnd may railsce the inlet losses. The method of in-
sorting shorter intermedinte radial bdlades ralises difflcul-
ties o8 reagrds strength requirements. and proper design.
Tests hcve shown, however, that an increase in the dellv-
ery hoand may be obtained as the numbor of intermediate
blados is increased (fig. 1lb), although at the cost of a
lowered efflclency.

An important factor to be considered is a sufficliently
large rotio betwoen oxit and inlet dlameter, which ratio
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should lie between 1.6 and 2.2. This requirement ralses
difficulties at large critical altitudes if, in order to
rattaln smaller-dimenpiong - 1ie.; highsr rotational

speods ~ thé exlt diameter 1s not to be excessively in-
creased. Flgure 12 shows the necessary impeller cross
sectlons of the first wheel of a supercharger for altitudes
between 6 and 20 kilometers (3.73 and 12.43 miles) for
equal inlet and exit velocitlies. From about 16 kilometers
(9.94 miles) on, unsatisfactory wheel forms are obtained
although the inlet _veloclty 1s 0.5 of the value of the ve-
locity of sound a . Any increase 1n the exit dlameter

of the wheel wlth decrease in angular veloclity is opposed
by considerations of keeping small the wheel frictlion load
(fig. 13), the size, the weight, and the gyroscopic forces.

Increasing the delivery head per stage by ralsing the
Poripheral velocity is possible only within restricted lim-
i1ts. There are difficulties in securlng good efficiencles.
Raiging the peripheral velocities brings about a simultane-
ous lncrease in the absolute velocity of the air at the im-
peller exit. This absolute velocity may attain the veloci-
ty of sound, glving rise when using eoxit gulde vanes, to
well-known difficulties. Figure 14 shows for various oper=
ating conditions the computed relations between the abso~
lute veloclities at the impeller exit, the peripheral veloc~
1ty, and the velocity of sound.

Specisal difficulties may arise on the application of
wheels of light metal alloys with hub bore on account of
the expansions of the hub bore due to the low modulus of
olasticity - these expansions, as shown by computation,
anounting to about 0.5 to 0.8 millimeter at a peripheral
voloelty of 350 meters per second and usual rotor wheel di-
menglonse In the case of steel wheels there is the possi-
bllity of making the wheel and shaft of one plece or shrink-
ing the wheols with great initial stress on to the shaft.
Whether shrinking is poosiblo and suitable in tho case of
light-netal construction, has not yet been investigated.
With a sultable design the hub bore, also in the case of
light-motal wheols, may be dispensed with if the wheel disk
and shaft are of .one piece and steel strengthening bushes
are fitted about the shaft. Whoels of this type developed
by thoe DVL gave no difficulties in test operation.

Hand in hand with the increase in the delivery head
of a singlo-stage supercharger, there must be an improve-
mect in the oporating characteristics, an increase in tho
offlcioncy, arnd an improvemont in the regulation possiblli~
tles of the engine~driven supercharger. *
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Operating characteristics and effilclency may be im-
proved by slmple means In the deslgn. In many deslgned
superchargers the inlet casling 1s so formed that there 1s
either no rotation-free flow (fig. 15a) or no uniform ad-
mission to the wheel (fig. 15b). The most sultable inlet
is under ell conditions the straight radial one (fig. 1lbc)
which also had the advantage over the other forms in tests.

- Where this inlet 1s not possible on account of mounting

difficulties, a similar action may be obtelned by means of

- an inlot housing illustrated in figure 15d. Investiga-

tions on engine installatlions showed thet the sllght in-
croaso in the longth of the siructure lecads to no diffi-
culilos.

T:e form of the delivery hend curves as well es the
efflclency curves mey be affected by the eoxit gulde or
diffuser arrongementsa, - In the investigatlons so far con-
ducted, stecp characteristice were alwnays the result of
too narrow sulde arrangements cnd housing. Flgure 1l6a
shows the H,g =~nd TN,g3 curves ns affected only by the

form of the guide vanes (figz. 16b). Theo flattest form of
the H,g and fMNyq curves was obtainocd in later tests

with smooth gulde ring of relatively large radinl exten-
gion with connecteod concentric annular aspace. Flgure 17
shows thot with proper dimensioning of a supcrcharger, de—
livery hecads of 8,200 meters &t adliabatic officlenclos of
0.70 ney be attaincd with a singlc stage. The size of the
oxperlimental suporchargcr for s spark-ignition engine of
about 1,100 horsenower 1s compared in figuro 18 with a
modern Amcrican supercharger for 3,700 meters dellvery
hecd ot TM,q = 0.53 and smaller engine output.

Above 6 kilometers the necessary adlabatic delivery
head for charging to 1 atmosphere, 1s greator than the al-
titude of flight ~ becoming, in flight at 20 kllomecters
rltltudo, 165 timos the flight nltitudo. The number of
stcges to be considerod for charging to 760 mm Hg for the
various cltitudes should lise wilthin the reglon 1indlcoted
on figure 19,

With tho multi-stago comprossors roquired beyond about
8 kilomoters, difficultics arise wkich do not occur wlth
the single-stoge doslgn. In pdditlon to the difficultles
of kooplng tho rotational speed below the critlcal spoed
of the impeller, there is also thc problom of axianl thrust,
narticularly with the usual desiszns (fig. 20a), and the
messures to bo taken for controlling 1t or romoving 1te.
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The sinpleost mothod that lios open 1s thet of the countor-
flow arrcngonont of the wheols, as indicnted on figuros

" 20b and 20c for tho caso of o two-sfago suporcharger. Tho
opplicetion of tho labyrinth plston familiar in tho doslgn
of statlonary compresseors may neet with spnce ond woight
difficultios. The light construction of tho casing and
tho rosultlng size of tho labyrinth cloarances ranlse the
dnnger of too groat leakage loscsoes. For taking up tho ox-
inl thrust nochanically, roller bearings of the high shoul-
dor type of construction, and gpocial journal bearings,
nay within cortain linmits find application. Tho necosslty
of bringing up ond cooling large quantities of oll, 1s a
diegndvantnge of tho journal bearing since the problem of
oll cooling, os evory cooling problem at high-anltltude op-
oration, is a difficult one and noreover, any entrance of
0ll carried nlong vith the suporchargelalr into the inter-
cooleor, wonld in n short time reduce tho effectlvoness of
the laottor.

Studles nado on suitablo dosigns indicato that the

, arrangonent of opnoeed flow stnges is the most sultable

for multi-stnge compressors, varticularly 1f the compres-
slcn »nrocess nust be interrupted for the purpose of inter-
cooling, A pufficlently high criticel r.pem. in below-
critical operntion nny be attonined by using powerful shafts,
internodlato bearings, ~nd low overating speeds. Obvlous-
ly, those mesnsures are ot the exnense of increased welght.
The quostion as to whether below~critical operation 1is
nocessary or whether snfc flight operation may be attalned
at amproclably above the first and sufficlently boelow tho
socond critical r.p.m. of tho whocl, dopends ossentielly

on the vory wide rogulatlion rengoe of the suporcharger ot
high nltltude oporation. 4s long ns the superchargers are
driven by thc ongino, the questions of gearing and regule~
tion givo rise to difficultios at the high dellvory hoads
of tho suporchargorss A4t constant ratio botwoen the supor-
chorgor and ongine r.pem., ovon with good suporcharger of—
ficlenclos, tho suporchargor temperatures attaln excessivo
valuos ot low altitudes, and on nccount of the strong throt-
.t1ling rcquirod, mrke a sufficioently high toko-off power
difficult or eovon engine oporation itself, impossiblo. .,
Tho multlspeod gear offors someo romecdy for tho time bolng.
.Tho stagoloss or--infinitely. varlablo rogulation of the su-
porcharger spoed has boeon invostigatod by the DVL nnd may
no longer be considorod as an unsolved problem. An experi-
nental arrangement which quite approached the stageless
zero~loos regulation, gave satisfactory results.




10 N.A,8.A. Technical Memorandum No, 839

Further possibllities of regulation in the case of
gear—driven superchargers that show promlse are, for ox-
ample, the regulation of the admisslon of multistage su-
perchargers. The installations required are simply cut-
off devlces ot the entrance and exit of one or more ln-
pellers and additlional inlet openlings in the housling as
the cose may require. If the cut—~off members are so de-~
signod that thoy gilve o sufficlently tight cut-off, nand if
thelr actlon takes place in sultadle sequence, then by
connecting and disconnecting entire whecls and using par-
tial throttling, an almost stageless regulation of the
superchargoer pressure tg correspond to the altlitude of
flight may bo attained.- Although this metkhod of regula-
tion hcse not yet ‘been investligated in operatlion the dlffi-
cultioe assoclated with i1t appear capable of solution
slnce the parts to be controlled may bo situated ot tho
fixed housing and thus have an advantage over gears that
have to be thrown in and out at hizh speeds. TWlth exhaust
turbine-driven superchargers, tho difficultles in the
r.psNe rogulation described, do not appear.

IV, SOXE PRINCIPLES FCR THE COMPUTATION OF SUPERCHARGERS

"The suporcharger investigations so far conducted by
the DVL, have shown that the famillar computation methods
epplied in tho case of centrifugcl comproessors yleld, with-
out any appreciable modifications, good results also in
the case of the unusual conditions of sirplane-engine su-
percharger design. Tiae inlet vclocities at the lmpeller
may oassume hlgh valuocs. A limit i1s sot by the conslidera-
tion that too close an apnroach to the veloclty of sound
leads to tke appearance of separation phenomena of the alr
flowes The ratio of the inlet velocity to the veloclty of
sound lies in most cases within the range 0.2 to 0.3 dbut
mpy be furtker increased.

. Since tho rheel blades at tkhe whcel inlet have tho
form of axial blades noar the hub the entrance deflection,
i.6.,, the necessary setting of the blados should not be
left out of account in the computation of tkhe angle at the
blado entrance on account of tho relatively great blade

ﬁl closer investigation of the oconomy of thls method whieh
depends essentially on the proper dimensioning of the cut-
off dcvices ond on the nddltional quantitios requlred for
cooling would load us too fay oflelkd.
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separation, particularly at the maximum inlet diameter.-
The test data available justify the assertion that wilth
"proper application’ of familiar computation processes (see
reference 1) satisfactory results may be obtalned. The
investigations have furthermore shown, with relatively good
agreément, that with sufficlently large outlet gulde ar-
rangements the quantity delivered with® shock-free entrance
Vgt —~ that 1s, that whlch would be delivered if the direc—
tion of the relative flow colncided with that of the first
blaede element = stands in approximately constant relatlon
to that corresponding to the maximum efficiency vnmax'

Although the value is only an approximation, 1t 1s no% un-
importent to know in the case of new designa that with the
diameter ratios and number of bdlades usual in present-day
deslgn the gquantity vnmax is 1.3 to 1.7 times as large

as vst' Tests on thig effect are lengthy since every
change in the wheel entrance also requires a change 1n the
wheel exit diffuser. The tests have nevertheless been
partially carrled out using the impellers shown on flgure 6.

An essential difficulty in the deslgn of a new impel-
ler for a required pressure lies in the computation of the
effect of the finite number of blades. The number of
blades fluctuates in the case of the straight radial buck-
et arrangement between 10 and 20. The figure of merit
Qgg Wwhich 1s the ratio between the delivery head Hfhm

(which would be obtained with frictionless flow with an in-
finite number of blades) and the delivery head actually
obtalned (which is to be computed at compression without
cooling from the measured initial and final values of the
pressures, temperatures, and quantity delivered):

-],
"k
k Pry - + cip® ~ o1®
R Tg —4d 1
Hog k -1 PI 2g

Qad = @y 7 3
a thm ug
g

and for which, with different superchargers, the values
shown on figures 2la and 21b were found, 1s not sufficlent
for  -the computations since it includes. to a greal extent
the effect of the exlt gulde arrangements and the housing.
With the values Hgp, = m Hyy end Hip = 1/Np Heg there

1s obtained gqy43 = Mp/m. PFrom extensive measurements and
computatl ons values were found for 1) between 0.82 and
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0.86 so that it appears vossible to give flgures also for
m. If m 1s split up according to the previously gilven
equation, values of Y are found between 2.0 and 2.4.

New deslgns that were computed with these values for vari-
ous suvcrchargers led to results that gave good agreemont
~ith tho precomputations. The form of the flow passages
was so0 deslgned that the meridian component of the abso-
lute veloclty, on the assumption of completely filled
blade passages between inlet and outlet of the wheel, re-
malned approximately constant or decreased slightly. The
naxl mum values of Y were found when the exit gulde pas-
sage was of small radlal extent. With a supercharger slze
such as appears necessary and also edmissible from the
point of view of space and weight saving, the values of
the peripheral veloclties wuz; at the critical altitudes
shown 1n figure 22 should be attalnable.

For the corrcct computation of the guido vancs and
spiral behlind the whecl exit assumptions must be made ro-
gardlng the compression that took place up to the rotor
whecl oxit. TFor the above~mentioned case of ¢, = cgpn

and for a frictionless process with 1nfinlte number of
blades, we have:

c g_ca ca—c a8 c =]
H - - _ Ze o _ Ba an _ Cau
kin_ = Btn_ -~ Egtat o g g
and for R = 90°, 1i.e., uy = cpy
ug?
Brin = 3g”

The degree of conpression with infinite number of blades
would then be

_ Hgtaty, _

0.5
Peo Hth

On account of the exit deflection the theoretical absolute
velocity 1s greater than the actual (ca > 03) and corre-

spondingly Cgu > Cgye+ Tnklng account of a finite number
of blades and writing

Hgtat th = Htnh = Hirin th
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c
wvhere ch = y
ana . e e e e e e
1 Cay®
Hein th = 2g (ea® = o34 ) = 2g
we find
_ 1 . ozu
Ptn Pug
With Ethm = m Htgh, lede, Cgy = M Cyy = Ug
we find = 1 -
Pin =1 = 25

For various assumptions the values obtalned by computatlon
are those glven in figure 23, which glve good agreement
with measured values although certain approximations have
been made in computing them. Setting the computed value

P equal to the actual value p corresponds to the as~
sﬁhption of an equal hydraulic efflclency M in the rotor
and gulde wheels.

Exit gulde vanes that were computed by famlllar meth-—
ods (see reference 1) gave satisfactory results provided
the dlvergence angle € of the gulde passage was deslgned
consldoerobly smaller than what is considered admissible in
the literaturc on the subject. With the gulde vane forms
80 far Ilnvestlgated by the DVL, best conversion ratios
were obtalned at € S 4°, The effoct of the exit guide

venes on the form of the characteristic and the magnlitude
of the supercharger effigclency is very great. Figure 16
shows one example taken from numerous lnvestigations and
from which the forms of the guide passages and the results
obtalned may be seen. The exlt spirals of the supercharger
have up to the present always been determined by the DVL
by the condltion of constent rv (where r 1s the radius,
and v the velocity) with the wall friction taken into
account. An accurate analytical and experimental investi-
gation on a glven epiral gave good agreement betwoen theo-.
ry and experiment (fig. 24). The values of the constant

k detormined from the cross sectlons of the spirals agree
qulte well with the measured valucs of the statlc and to-
tal pressuros along the outer boundary of the spiral and
wlith thoe voelocity for the scme values of the gquantity de~
livered per eecond.
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SUMMARY

Sumnarizing, 1t may be snld that wlth the forms of su-
norchargors and underlylng princlples of computation with
which we are femiller todey, end with proper utlilizatioh
of t-e construction material avalleble, delivery heeds per
stage of 7,000 to 8,500 meters (alr column) at an effective
efficloncy, bosed on the adlabatic process, of 0,7 may be
attelned, the spvace and welght requirements being kept
within reansonable limlts. The view held of & supercharger
o8 an inconvenilent auxillary device, 1s no longer Justifiled
at pltitudes nbove Z kilometers- (10,000 feet), since satis-
factory operation of the englne 1s no longer posslible wlth-
out it. It should be the problem of the engine deslgner '
to see that with glven hligh pressures and efflclenclies the
slze and welght of the supercharger are kept as small as
pocelbles That a bad mounting arrangenment of an englne 1s
not clways to be attributed to too large a supercharger
mny clearly bo seen from the example of the Rolls-Royce
Xestrel onglne which, in splte of a large supercharger,
may be nmounted in an efficient mnnner. The question as to
wvhethor the common present nrrenfement of the sypercharger
on the engline side, away from the propeller, should be
maintalned cannot as yet be deflnitely answered.

Transglation by S. Relss,
Natlonal Advisory Gommittee
for Aeronautics.
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